Abstract-Waste water is a reservoir of resistant bacteria and an excellent location to describe the pattern of fecal carriage of extended-spectrum β lactamases (ESBLs) producing bacteria in the community. In this study, the aim was to determine the proportion of ESBL producing Gram-negative bacteria in waste water. Also to describe the antimicrobial susceptibility and types of beta-lactamases (TEM, SHV and CTX-M) among E. coli and K. pneumoniae isolates from waste water in the city of Alexandria, Egypt. The ESBLs compromised 69.8% in influent sewage and 57.7% in effluent sewage of the total Gram negative bacteria. The most frequently detected gene among E. coliisolates while bla TEM , while the most common among K. pneumonia isolates was bla SHV.
I. INTRODUCTION
Waste water is a reservoir of resistant bacteria carried by the general population in the community. It carries the resistant bacteria introduced into the sewage system that come from human excretions (hospital and municipal effluent) as well as from animal husbandry [1] - [5] .
Although other bacteria are more abundant, in the human intestine, faecal coliforms including Escherichia coli (E. coli) andKlebsiellapneumoniae (K. pneumoniae) are more detected in the environment because of the faster die-off of other enteric bacteria [6] - [8] . Extended-spectrum β lactamases (ESBLs) producing bacteria are a group of emerging resistant bacteria that is on the increase globally causing a major public health problem [9] . ESBLs enzymes have the ability to hydrolyze and cause resistance to newer β-lactam antibiotics, including the third-generation cephalosporins and monobactams. They are classified into four molecular classes A through D according to the primary structure of the β-lactam enzyme that they produce.ESBL-producing E. coli and K. pneumoniae belong ESBLs producing bacteria can spread through the community through fecal carriage, which is a key epidemiological factor in its spread. Intestinal carriage has been widely described in hospitalized patients and in the general healthy population [12] , [13] . Studies have shown an alarming rate of carriage of ESBLs producing bacteria in the community both in industrialized and developing countries [13] - [15] . Also, very few studies have been done to describe the presence of these resistant bacteria in environmental samples especially in waste water [16] , [17] .
Dissemination of ESBLs producing genes can occur through horizontal gene transfer from resistant pathogens in waste water to environmental nonpathogenic bacteria [18] - [20] . Environmental non-pathogenic bacteria would then serve as a reservoir of resistance genes [21] . The risk of contamination is greatest when wastewater is discharged directly into the environment [22] .
Data is very scarce about the prevalence of ESBL resistant genes in Egypt especially in a community based settings, and antimicrobial resistance patterns of bacteria in wastewater is largely unknown [23] . A study conducted in Sweden found the carriage of ESBLs among patients with travellers' diarrhea returning from Egypt to be 50 % [24] .
Sewage is an excellent location to describe the pattern of fecal carriage of ESBLs producing bacteria in the community. In this study, the aim was to determine proportion of ESBL producing Gram-negative bacteria in waste water. Also to describe the antimicrobial susceptibility and types of beta-lactamases (TEM, SHV and CTX-M) among E. coliandK. pneumoniae isolates from waste water in the city of Alexandria, Egypt.
II. MATERIALS AND METHODS

A. Wastewater Sampling
Wastewater samples were collected from a sewage treatment plant (A) in the city of Alexandria, Egypt.The plant is a primary treatment facility that receives an average of 800,000 m 3 per day. Sewage in the plant is predominantly municipal but also receives wastewater from hospitals and industrial plants.
In the period between December 2012 and April 2013, sampling was performed five times. Each time, 2 samples were collected, one from influent waste water (raw sewage) going into the treatment plant and the other one from the effluent waste water after treatment.
B. Determination of Bacterial Count and Identification of Isolates
The sewage samples were collected using sterile bottles. For quantitative analysis, a series of decimal dilutions (10 1 , 10 2 , 10 3 and 10 4 ) was prepared starting with 1 ml of sewage samples diluted in 9ml of saline solution (0.9% NaCl). A volume of 100ul from each well homogenized dilution was inoculated onto the culture media. Each dilution was inoculated into each of MacConkey agar (Oxoid) and MacConkey agar supplied with 2ug/ml ceftazidime (Oxoid, [9] to class A β lactamases and has three major groups TEM, SHV, and CTX-M types that are most commonly detected in clinical isolates [10] . ESBL-producing E. coli and K. pneumoniae are now listed as one of the six drug-resistant pathogens for which few potentially effective drugs are available [11] . Sigma).Plates were incubated at 37 o C for 24 hours after inoculation.Following incubation, colonies on each plate were counted.
Colonies suspected to be EBLs producing E. coli or K. pneumonia were picked up from MacConkey agar supplied with 2ug/ml ceftazidime. The lactose fermenting colonies were subcultured and identified based on the following biochemical tests: oxidase, catalse, indole, methyl red, Voges-Proskauer, citrate utilization, triple sugar iron following the guidelines inBailey and Scott's Diagnostic Microbiology [25] .
C. Antimicrobial Susceptibility Testing
Verification of the ESBL-producing phenotype of identified colonies was confirmed by the combination disk method described by the Clinical Laboratory Standard Institute (CLSI). The test was performed using both the antibiotics (oxoid) cefepime (30 μg) and cefotaxime (30 μg) alone and in combination with an inhibitor (cefepime-clavulanic acid 30/10 μg and cefotaxime-clavulanic acid 30/10 μg). ESBL production was considered positive when a ≥ 5-mm increase in the zone diameter for the betalactam agent tested in combination with clavulanic acid versus its zone when tested alone [26] .
Identified strains were also screened for their antimicrobial susceptibility to other antibiotics using single disc diffusion method described by Bauer et al. [27] . The selected antibiotic discs were: amoxicillin-clavulanic acid (20/10 μg), piperacillin⁄ tazobactam (100/10 ug), trimethoprim⁄ sulphametoxazole (1.25/23.75 μg), ciprofloxacin (5 ug), gentamicin (10 ug), tobramycin(10 ug), chloramphenicol (30 μg) and the carbapenemes: meropenem (10 ug), imipenem (10 ug), etrapenem (10 ug ). Inhibition zones were measured and break points used to categorize isolates as resistant or susceptible for each antimicrobial agent were decided according to CLSI guidelines [26] .
D. Detection of ESBLsEncoding Genes
All identified E. coli and K. pneumoniawere tested for the presence of bla TEM, bla SHV and bla CTX-M genes using multiplex PCR assay. DNA was extracted from fresh culture by boiling for five minutes. The supernatant was used as a source of template for amplification.
Beta-lactamases were detected using the primers; TEM-F (5 GTG CGG TAT TAT CCC GTG TT [28] .
III. RESULTS
The total count of Gram negative bacilli on MacConkey agar and total count of ESBLs producing Gram negative bacilli on MacConkey agar supplied with ceftazidime were compared. The difference is summarized in Table I . The mean of both counts was slightly higher in influent than effluent flow. The percentage of ESBLs producing bacteria to the total count was 69.8% in influent waste water while it was 57.7% in effluent waste water. A total of 87 EBLs producing E. coli (74 isolates) and K. pneumonia (13 isolates) were identified using established biochemical and the antimicrobial resistance patterns of these isolates are shown in Table II .
The bacterial isolates showed highest antimicrobial resistance rates to amoxicillin-clavulanic acid, piperacillin-tazobactam and trimethoprim ⁄sulfamethoxazole. The resistance rate was also high for ciprofloxacin and ertapenem. Considering the presence of antimicrobial resistance in the different samples, the resistance was higher among isolates from influent waste water to amoxicillin-clavulanic acid, piperacillin-tazobactam, meropenem, imipenemandciprofloxacin.
The distribution of the detected bla TEM , bla SHV and bla CTX -M genes is summarized in Table III . In most isolates, a single resistance gene was detected with a smaller number of isolates harboring 2 or 3 genes. The most frequently detected gene among E. coli was bla TEM either found alone or in association with another gene, while the most common in K. pneumonia was bla SHV also alone or in combinaton . The association between TEM and SHV was also the most frequent. In 5.4% of E. coli and 7.7% of K. pneumoniano resistance genes were detected. 
IV. DISCUSSION
The increase of ESBL-producing pathogens recently is posing a serious public health problem. Few studies have been reported on the antimicrobial resistance patterns of environmental strains of bacteria in Egypt. The main focus of research has been primarily on clinical isolates, and there are no previous reports of the extent of presence of resistant bacteria in sewage in Egypt.
In this study, we compared the count of ESBLs producing bacteria to the total count of Gram negative bacteria in sewage. The ESBLs compromised 69.8% in influent sewage and 57.7% in effluent sewage of the total Gram negative bacteria. A lower percentage is reported by Chagas et al., who showed that 40% of isolates from sewage were characterized as ESBL producers [29] . Also, according to Prado et al., 33% to 53 % of K. pneumoniae isolates in sewage were ESBL producers [30] . The higher proportion of resistance in Egyptian sewage might be explained by the high antimicrobial prescription rates with low rates of appropriateness of antibiotic prescription reported in Egypt, where the most of prescribed antimicrobial agents belong to cephalosporins and penicillins classes [31] . This non-regulated, high use of antibiotics is expected to favor selection for resistant bacteria and increase fecal carriage of resistant bacteria by the general population.
Isolates also showed a high percentage of resistance to antibiotics especially amoxicillin-clavulanic acid, piperacillin-tazobactam, trimethoprim-sulfamethoxazole and ciprofloxacin. Prado et al reported a lower percentage of resistance to these antibiotics amongESBL K. pneumoniae isolated from sewage [30] . Isolates showed an alarming high resistance to ertapenem(61.5-66%) compared to reported resistance globally [32] - [33] , since carbapenems are the treatment of choice for ESBL producing bacteria.
Sewage serves as a pool of resistant bacteria that reflects the composition of bacterial clones carried by the general population. In Egypt, little is known about the genetic makeup of ESBLs. In this study, TEM enzyme was the most prevalent type among E. coli (70.2%) while SHV was predominant among K. pneumoniae (40.1%) isolates. Ahmed et al reported that SHV was also the predominant type (61.1%) of ESBL enzymes among K. pneumoniae isolated from clinical samples [34] . TEM is also reported to be the most prevalent among E. coli isolates, but while CTX-M was found in a small number of isolates in this study, previous reports have indicated its prevalence is on the increase in Egypt [35] , [36] . These results suggest that the prevalent type in this study of is similar to the few reports that described the prevalent genes in clinical samples. Clinical isolates may be virulent variants of ESBL producing E. coli, and K. pneumoniae associated with gastrointestinal colonization in humans.
Studies have shown that plasmids can carry more than one gene that expresses ESBL resistance and may be responsible for high level ESBL resistance phenotypes. Some isolates in this study carried more than one ESBL resistance enzymes, and the association between types TEM and SHV was more frequent. On the contrary, five isolates did not carry any of the genes detected, suggesting other genes responsible for resistance [17] .
ESBL producing bacteria pose a potential risk of dissemination of their genes to the environment causing possible human exposure and subsequent infection. This has not been confirmed as studies of ESBL genes in wastewater have only been directed at detection of its presence and description of its genetic background and a direct link between the presence of resistant bacteria in waste water and the dissemination of antimicrobial resistance has not been established [4] - [30] . In Egypt more than half the population does not have access to waste water treatment facilities. The major treatment plants in Alexandria, Egypt have only primary treatment facilities and waste water is dispersed into the environment. There is now also the increasing practice of the reuse of waste water in irrigation of agricultural land and the possible use of sewage sludge [37] , [38] . With the presence of high proportion of resistant bacteria in sewage, more efforts are required for elimination of resistant bacteria from waste water before its release in the environment or its reuse for agricultural purposes. Also more studies are required to assess the risk of waste water disposal and reuse in environmental contamination.
V. CONCLUSION
In conclusion, it is shown in this study that antibiotic-resistant ESBL producing bacteria make up more than half the Gram negative bacilli found in sewage at the end of waste water purification process, posing a risk of its spread to the environment and subsequent human and animal exposure.
